Isoelectric
Focusing Analysis of Stylar Proteins Associated In early research on sterility in Japanese pear, Kikuchi (1928) found that paterclinal incompatibility, when applied to cross-sterility always occurred in matings between some individuals of the F1 generation and their pollen parent variety. Kikuchi's finding, together with the oppositional Sallele hypothesis in SI previously proposed by East and Mangelsdorf (1925) in Nicotiana, led to Terami's analysis (Terami et al., 1946) that seven Salleles (S1-S7) gametophytically control SI among the varieties of Japanese pear. Terami's analyses resulted from many crossings between the varieties (Kikuchi, 1929; Ushigoshi and Tokuyasu, 1930; Iimori, 1933; Kawaguchi and Samune 1935) . Ogaki (1958) and Machida (1972) have since analyzed the S-alleles of the varieties in the course of breeding new varieties. The growth of incompatible pollen tubes retards at the half-way point, and stops almost at the base of the style. This is a physiological aspect of SI in Japanese pear (Asami and Hayami, 1934; Terami, 1937) and is consistent with the behavior of other gametophytic SI plant species where inhibition of the pollen tube occurs in the style (Du Nettancourt, 1977) . Attempts to find a substance which inhibits the growth of the pollen tube in Japanese pear, however, have disclosed no specific substance either within the styles or the pistil (Inose, 1964; Hirata et al., 1973; Sobajima et al., 1973) .
While, the multi-allelic S-gene theory explains the inheritance of SI in many plant species, Lewis (1952) and Linskens (1960) surmised that the SI reaction between pollen and pistil involves an antigenic substance specific to the S-allele.
Recently, Nishio and Hinata (1977) have used electrophoresis to show that the stigma protein in Brassica oleracea with its different isoelectric point (pI), is associated with the S-alleles governed by the sporophytic SI system. This protein has been identified as a glycoprotein (Takayama et al., 1986) and is called an S-allele associated protein (Sprotein). It has also been identified in the styles of gametophytic SI plant species, Nicotiana alata (Bredemeijer and Blass, 1981) , Lycopercicon peruvianum , Petunia hybrida (Kamboj and Jackson, 1986; Broothaerts et al., 1989) , Petunia inflata (Ai et al., 1990) , Solanum tuberosum (Kirch et al., 1989) and Solanum chacoense (Xu et al., 1990) . These proteins are thought to play an important role in both the gametophytic and sporophytic SI systems because they localize in the tissue where the SI reaction occurs between pollen and pistil. The timing of the production of the Sprotein coincides with the pistil's expression of SI during flower development (Nasrallah and Nasrallah, 1986) .
Lately, Takayama et al. (1987) have revealed the amino acid sequence of the S-proteins of Brassica camperrstris. Nasrallah et al. (1985) and Anderson et al. (1986) have shown the cDNA clone coding for the S-proteins of Brassica oleracea and Nicotiana alata, respectively. Kawata et al. (1990) have indicated homologous amino-acid sequences between the ribonuclease of a fungus, Aspergillus eurasia, and those in the S-protein of Nicotiana alata. McClure et al. (1989) have discovered that ribonuclease activity in the Nicotiana alata style is involved in the mechanism of S-genes.
In the above mentioned Solanaceae and Cruciferae families, knowledge of S-proteins on the molecular level abounds. In contrast, such knowledge is scant for the Rosaceae family, Prunus avium (Mau et al., 1982) , including Japanese pear (Hiratsuka et al., 1986) .
Despite the large number of genetic analyses of Japanese pear varieties in the past, few attempts have been made to ascertain the S-proteins in the style. Therefore, we have examined the stylar proteins in Japanese pear. Preliminary analysis using sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) showed that most proteins separated within an approximate range of 20,000 to 50,000 in molecular weight. These proteins were too concentrated to distinguish, or to subject to analysis with S-alleles. Thus, the present research attempts to analyze the S-proteins by isoelectric focusing-polyacrylamide gel electrophoresis (IEF-PAGE), and concentrates on the correspondence between the S-alleles and the stylar proteins obtained from 22 varieties of Japanese pear. 
Discussion
Based upon the result of electrophoresis of stylar proteins, the correspondence of the protein bands to the S-alleles were analyzed among 21 varieties of Japanese pear. The protein at pI 5.3 appeared to have a high probability of correspondence with the S4 allele-associated protein; however, the correspondences were inconclusive in two varieties. Although the S genotype of each variety used in this study was based upon several previous genetic analyses (Terami et al., 1946; Ogaki, 1958; Machida, 1972) , the genotypes of some of the varieties, especially the older varieties, are still indefinite. According to Kajiura and Satoh (1990) who recorded more than one thousand cultivars of local and bred varieties, several names are given according to the locale; therefore, the Recently, the characteristics of S-proteins have been found for many plants (Nishio and Hinata, 1977; Bredemeijer and Blass, 1981; Mau et al., 1982; Anderson et al., 1986; Kamboj and Jackson, 1986; Mau et al., 1986; Broothaerts et al., 1989; Jahnen et al., 1989; Kirch et al., 1989; Ai et al., 1990; Xu et al., 1990) . Noteworthy among these works, IEF was first applied to identify the proteins associated with S-alleles in Brassica oleracea with different pIs from 5.7 to 11.1 (Nishio and Hinata, 1977) . SDS-PAGE was also useful in identifying S-proteins of different molecular weights in Petunia hybrida. Then their pIs were determined by IEF in different pIs from 8.3 to 8.7 (Kamboj and Jackson, 1986) . From the evidence that most S-proteins were basic, two-dimensional electrophoresis and its more precise application, selective two dimensional electrophoresis, were developed to detect S-protein in Nicotiana alata and Lycopersicon peruvianum above which used pI 9.5 as the selective Literature Cited
